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Galactic Archaeology
- studying the formation and evolution of the Milky Way and it’s local volume
- heed for stellar chemistry, kinematics & ages
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Can we exploit in a homogeneous way
Gaia spectra (RVS + BP/RP)
magnitudes (G, Bp, Rp)
and parallaxes
for supercharged stellar
parametrization ?



Analysis of the 1 million Gaia RVS-spectra with CNNs
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— Under revision :)

RVS sample
Motivations and goals: 300000 |
- Use homogeneously the full Gaia data product <
200000
- Leverage the low-S/N RVS sample =
No GSP-Spec labels with 13 “good” flags within 15<S/N<25 100000 ]
- Set the machine-learning path for Gaia data analysis I
(DR4 in 2025, DR5 in 2027) 0 I
15 25 35 45 55 65 75 85 95105
S/N (pix~*)



CNN

Using only spectra * Guiglion et al. 2020
(Steinmetz et al. 2

S

* i ; L
9000 8000 7000 6000 5000 4000 B0BD. MO0 eoug 8000 0000 3600
Teff Teff (K)




Training sample

Knowledge transfer
from high-quality
high-res APOGEE labels
Tex, l0og(g), [M/H], [a/M], [FelH]
to intermediate-res RVS
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Analysis of the 1 million Gaia RVS-spectra with CNNs
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Gaia RVS Spectrum

Input

Input

Gaia parallax,
G, Bp, Rp magnitudes

Input:
Gaia XP coefficients

Convolution Layers
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How to ensure that a label falls within the training sample limits ?

- Labels within T log(g), [M/H], [a/M], [FelH], G, and parallax limits of training sample.

- t-SNE classification of RVS spectra
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Enti | O All Obs (841300)
10! 102 SQEB%SSmpe @ Training Sample (44780) @ Train-like Obs (669572) @ Train-unlike Obs (171728)
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t-SNE X t-SNE X t-SNE X t-SNE X

- 644287 RVS stars within TS
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CNN - APOGEE
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‘ - Findings consistent with past studies (Minchev et al. 2015, Anders et al. 2014,
Hayden et al. 2015, Rojas-Arriagada et al. 2019, Queiroz et al. 2020, 2021).

- Opening a new era of Galactic Archaeology with Gaia-RVS (Guiglion et al. In prep,

Nepal et al. in prep a,b)
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Why using CNN on low-res spectra ?

- 4MIDABLE-LR Disc and Bulge surveys (Chiappini et al. 2019)

>20 elements to be measured at R=5000

AMOST LR survey
>20 million stars

4MIDABLE-LR ESO proposal 2020
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— Developing CNN for 4AMIDABLE-LR D1(>)
spectral analysis.
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Summary:

- Hybrid CNN is an optimal method for combining full Gaia data product
— Leveraging the large set of low SIN RVS spectra

- CNN parametrization is fast and robust (several 103 stars per second)
Insights:

- Future spectroscopic surveys will strongly benefit from CNNs

- Standard spec. and ML methods complement each other

- CNN parametrization mainly reliable within the training sample limits
-~ The training sample should be built in a pro-active way
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